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~ Laws and rules that underlie and enhance public safety, clean
environments and public goods are pronulgated with the intent of
promoting social welfare. The extent to which they do so depends on the

effectiveness of their enforcement. Enforcement activities are,
however, limted by incentives for corruption. \Wenever corruption
emerges, society faces a trade off between social costs that rules are
designed to avoid and social costs that arise from corruption.

How can society design enforcement activities, public or private,
sinul taneously to mnimze the occurrence of violations and social
costs from corruption.> Wat are the socially optimal anmounts of public
goods to be provided® To answer these questions, this paper
Investigates provision of a public good 1in the presence of corruption.
In a world of costly deterrence but no corruption, a clever use 0
fines wll solve the problens of optimal exclusion. In the presence of
corruptible enforcers, however, fines cannot be set sufficiently high
to make random zed enforcement possible. In these cases the optinal
arrangement is either to abandon enforcenent entirely or to set the
fine equal to the sum of the narginal cost of inspection and the
marginal  social cost of crowing and have all participants pa?/ the
fine. In effect, this is equivalent to private enforcement of exclusion
by a nmonopolist as long as individuals agree on the cost of crowding.
Relative to the first best level of wusage for the public good,
overenforcement of exclusion leads to underusage and free entry |[eads
to overusage. W establish conditions for each of these to be the
outcome. We conjecture that in the case where participants disagree on
the costs of crowding, the optimal outcone can be achieved by
privatizing enforcement but allowing the government to maintain the
power to set fines. o _

For policy purposes,. the fundamental insights of this paper are as
follows: In the presence of corruption, the policy instruments
available to the governnent are nmuch nore limted than they appear in
textbook descriptions of public finance. Increased taxes and fines may
generate no additional revenues, since they wll sinply induce
increased under-the-table paynents. However, if the primary purpose of
the tax or fine were to deter certain behavior by the public, then the
fact that the actual revenues may not reach the government may not be
the primary consideration, since the increased demands by corrupt
officiales will still serve as deterrents. Nonetheless, the
effectiveness of the deterrent wll in general be reduced by
corruption.



seen clear evidence in the Brazilian data that such reallocation
occurred over the period exam ned

A. If corruption is a problem incentive plans are unlikely to reduce
it since the rewards they offer wll not be enough to tenpt corrupt
officials to refrain from corruption

5. Gher characteristics of the econony -- elimnation of
hyperinflation, inproved indexation of tax paynents, reduction of tax
rates -- are likely to have greater effect on the collection of taxes
than will even large-scale refornms of the tax collection system

The min limtation on the conclusions we have reached stens from the
extent of the data available. Gven the Ilimted number of vears of
pre-reform data available, an alternative hypothesis could not be
dismssed: that the relative increase in productivity from |ower
initial levels was due to “errors in variables." In other words,
regions or taxes observed to have low yields in 1988 are
disproportionately likely to be transiently low, the supposed growh
my sinply be a subsequent return to normal yields. This alternative
possi bility could be decisively eliminalted by using additional years of
data to establish a long-run average level of colleciton. If individua
incentives play the role described above, then we my find further
confirmation in the pattern of nmore recent collection activities.
Adjustnments since 1992 have effectively elimnated the individua
incentives while making the group incentives even larger. The nodel we
have described in this paper would therefore predict that attenpts to
allocate labor nmore effectively would continue unabated, but the
ﬁroductivity per enployee would decline and the discrepancy between
igh and low productivity sectors would return
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W examine optiml provision of a public good in the presence of

corruption. In our nodel, exclusion although costly is socially desirable
because of rivalry in consunption. Previous studies have exam ned costly
exclusion in the presence of no corruption. In this case, severe fines can be
used to achieve the first best outcone. However, the effectiveness of
exclusion depends on exclusion enforcers' incentives to take bri bes from
| awbr eakers. In the presence of corruption, the provider's decision becomes
the choice of one of two alternatives: overenforcement of exclusion or free
entry. Relative to the first best |evel of usage for the public good,

overenforcenent of exclusion |eads to underusage and free entry leads to
overusage. W establish conditions for each of these to be the outcome;, in

either case as long as the population agrees on the cost of crowding, the
second best optinum is equivalent to private enforcement of exclusion by a
monopol i stic provider.
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I NTRODUCT! ON

Laws and rules that wunderlie and enhance public safety, «clean
environments and public goods are elaborated with the intent of pronoting
social welfare. The extent to which they do so depends on the effectiveness
of their enforcenent. Enforcenent activities are, however, limted by
incentives for corruption. \Whenever corruption enmerges, society faces a trade
nf f hetwean ancial coete thnt vul gg are designed tO prevent Or control and
social costs that arise from corruption.

How can society design enforcement activities, public or private, to
mnimze sinultaneously the occurrence of violations and social costs from
corruption, what are the socially optiml anmunts of public goods to be
provi ded? This paper addresses these questions. W examne the allocation
and enforcenent of exclusion subject to corruption incentives for a public
good characterized by feasible but costly excludability. We consider as an
exanple the case of optimal wusage of a common resource, where exclusion is
costly.

W find that incentiwes for corruption forces the governnent to choose
one of two alternatives: free entry or exclusion subject to overenforcenent.
In other words, either the government sets fines very low (perhaps zero) and
does not control access at all or the government sets fines sufficiently high
so that overenforcement results. We show that the arrangenent which arises
with exclusion subject Lu vvereulvrcement is soclally desirable If aud ovuly if
the net social gains fromrestricting usage (i.e., total benefits under

exclusion mnus total benefits in absence of exclusion) outweigh the social



cost oOf overenforcenent. Thus, the likelihood that exclusion wll be
i mpl emented depends positively on the benefits of users who are not excluded
and negatively on the social cost of overenforcenent.

The optimal arrangement under exclusion subject to overenforcenent
features: a nunber of participants which is determined by the condition that
the marginal user's benefits nust equate the sum of marginal inspection cost
and marginal social cost of crowing; a fine equal to the margi nal user's
benefits; and a nunber of inspections equal to the optiml number of
participants.

The optimal arrangenent underaxalusion subject to overenforcement is
second best since it takes into account the social cost of overenforcement.
In other words, compared to the arrangenent which emerges under costly but
honest and diligent enforcenent, the arrangenent wunder exclusion subject to
overenforcenent leads to a snaller nunber of participants and to a greater
expected fine.

Qur example is a lake which is used for fishing by the population of
the comunity where it is situated. Suppose that users derive disutility from
sharing the lake with other users (for exanple because of a conmon pool
externality). Because restricting access to those who value fishing the nost
may be socially desirable, the community's governnment contenplates the
possibility of controlling access to the |ake. To exclude sone individuals
from usage, the government may hire an inspector whose function is to
undertake random inspections and charge a fine for wusage to every user he
cat ches. Therefore, a violation occurs whenever someone uses the |ake and
corruption occurs whenever the inspector accepts a bribe from a user he
catches. A user who is caught has incentives to bribe the inspector in order

to circunvent the fine for usage.



The sinplified nodel of the main portion of the text assumes that the
only instrument that the governnment can use for restricting entry is a fine,
An addendum to the paper denonstrates that the main results continue to hold
when we allow the government to use fees and fines sinmultaneously, provided we

add an extra level of heterogeneity to the population.

LITERATUKE REVLIEW

Qur research builds on the literature on optiml provision of rivalrous
and excludable public goods subject to costly exclusion and on the literature
on collusion behavior in law enforcenent. However, as we denonstrate bel ow,
these two branches of literature dealt with the problens of optinmal provision
of public goods and the effectiveness of |aw enforcenment separately. CQur main
contribution is to examne the extent at which these two problens interrelate.

Silva and Kahn (1993) is a good example of the literature on optimal
provision of rivalrous and excludable public goods subject to costly
excl usi on. They examine the sinultaneous choices of |levels of excludability
and public good provision taken by the producer of a public good. In their
framework, thc choicc Of exmecludability levels i S a question of both exclusion
technol ogies and incentives. The producer of the public good (principal)
designs a mechanism that accounts for the possibility of consuners (agents) to
free ride. They find that whenever agents are hompgeneous the optiml degree

of excludability is either zero or one; perfect exclusion always results if

the good is provided. Dut if agents are heterogeneous, there will be
circumstances where allowing sone free riding is optiml. In any event, the
public good wll be wunderprovided relative to the conventional case where
exclusion is costless. Since the free-riding fine is exogenously given and

the inspector is honest and diligent, the issue of collusive behavior in the



enforcenent of fines does not arise.

Now we review some papers on the literature on collusive behavior in

| aw enforcenent. Becker and Stigler (1974) enphasize that the larger fines
for violations are nade the greater will be the incentives for public
enforcers to engage in corrupt transactions with violators. To prevent

corruption, they investigated two distinct solutions. First, the state should
pay an enforcer a salary which equals the enforcer's opportunity wage plus an
extra conpensation for foregoing corrupt opportunities. The mmjor drawback of
this solution, however, is that the extra conpensation the state should pay
increases with the anobunt of bribes the enforcer forgoes which in turn
increase in mgnitude with the values of fines for violations. L The
alternative to the first option of inducing good behavior from public
enforcers is to let law enforcement to be carried out privately by conpetitive
firms. Enforcement firms should be conpensated with part or full value of
fines levied against convicted violators and should pay the costs borne by
acquitted persons. Because conpensation is based on performance, there wll
be little incentive for private enforcers to engage in illicit bargains wth
viol ators. 2 Neverthel ess, they argue that overenforcement nmay result from
privatization of enforcenent activities.3

Pashigian (1975) examines public policies that control both violations
and bribery, which in his nmodel are explicitly interrelated. He argues that
the problews of viovlatlowus aund corruplion must be dealt with simultaneously.
For serious violations, attenpts to reduce corruption by increasing the fines
to corruption (where violators are liable) nmay lead to an increase in the
severity of violations and thus raise the scale of bribes. To control
corruption, he proposes, it is best to raise the fines for violations. This

policy reduces the incidence of corruption by nore effectively deterring



vi ol ations.

Mookherjee and Png (1991) have extended Pashigian's analysis by
allowing the law enforcer to choose enforcenent effort and to be paid by
conmi ssi on. They study "...the trade off between elimnating corruption and
reducing the primary harnt (p. 3). The authors investigate for a nodel
consisting of the government, a public law enforcer and a polluter how to
conpensate the enforcer in order to eradicate corruption. Since in their
model, as in Pashigian's, marginal increases in the fine for corruption |eads
to increases in the scale of bribery and perhaps to increases in the anpunt of
pollution, the social optimal public policy becones one of two alternatives.

If fines for violations are sufficiently high, the government must privatize

enf orcenent. If fines for violations are sufficiently low, the government
must legalize the harnful activity. In any case, they argue, opportunities
for corruption wll be elimnmnated. However, since in their analysis the

amount of damages caused by pollution from the firm is exogenous, the authors
could not determine the optimal fine for pollution and the optinal |evel of
total pollution to be permitted.

In short, these works suggest that opportunities for corruption should
be reduced or elimnated. Society mmy achieve this goal by adopting one of
three options available: (i) raise wages of law enforcers, (ii) privatize |aw
enforcenent or (iii) legalize the harnful activity. None of these works,
however, explicitly deal with the issue of the optinmal levels of public good
provision (e.g., public safety) which result from the adoption of the options
avai | abl e. The social desirability of inplenmenting any one of these public
policies depends on the level of public good provided under every alternative.
For exanple, private law enforcement wll be socially preferable to l|egalized

harnful activity whenever the social cost of overenforcenent is smaller than



the total benefits originated with the (over)effective restriction of the
regul ation. This conparison is nmeaningful, however, only to the extent that

we can nmeasure the levels of public good provision which result under both

al ternatives.

THE SETTI NG

A community possesses a |lake which is used by its population for

fishing. The wutility derived by any user i of the lake is
m + u(i) - v(r),
where m > 0 denotes his consunption of noney, u(i) is his personal

(idiosyncratic) benefit fromusing the |lake and v(r) is his utility from
sharing the lake with r users. We assumne t hat vr(r) > 0 and vrr(r) > 0. In
what follows the population is ordered from O to P and we consider u(i) as a
decreasing function of i on [0, P].

In absence of any restriction to entry (i.e., everyone may use the
lake), the lake will be used by r o users such that the roth user is

indi fferent between using or not using the |ake. In other words,

u(rU) - v(ru) = 0.

Henceforth, suppose 0 < r, < P.  Thus, any user finds it desirable to restrict
entry to the lake since his utility from usage decreases with the nunber of
fishermen using the |ake.

Suppose the community's government decides to control access to the

| ake. The governnent's goals are to determine the optinmal number of users and



deny access to any nunber of users in excess of the optinmal nunber.
First consider the case where controlling access is costless. Then,

the government solves the followi ng problem

Maxi mi ze for u(i)di « rv(r) (P1)
{r}

subj ect to: r > 0.
The first order condition which determines r*, the solution to (Pl), is:
u(r*) « v(r*) = r¥* vr(r*) (D)

that is, r* is the number of users which equates marginal social benefit to
margi nal social cost from using the |ake. Thus, the effective restriction of
entry inproves social welfare as long as Vr(ro) > 0. As an exanple, if
individuals are identical, then, with free entry all benefits are dissipated.
Restricting entry allows those who are consunmers to receive positive benefits.

Now consider two cases where restricting entry is costly: one where
enforcenent of the restriction is undertaken by honest and diligent enforcers
and one where enforcement of the restriction is undertaken by enforcers who
are not necessarily honest or diligent.

W start by examining the arrangenent where enforcers are honest and
diligent. The monitoring system is as follows. The government hires an
i nspector to catch users of the |lake and charge thema fine f for usage.
I nspections are undertaken at random and their extent is determned by the

government, which also determines f. The inspector's cost of apprehending any

user is c.



Individuals decide whether or not to use the |ake. If individual i
decides not to use the lake, his total wutilicty equals his initial endowrent of
money m . If, on the other hand, individual i decides to use the lake, his

expected utility is

plm_ « f + u(i) - v(r)] + [1-pllm, + u(i) = v(r)]

=m - p(I, oYt 4+ u(i) - v(r),

where p(l,r), the probability of individual i being caught by the inspector,
depends positively on the number of inspections made, |, and negatively on the
number of users, r. In the case of random sanpling withouL replacement:

p(l,r) = min[I/r,1].
W will assume this particular functional form for the probability of being
apprehended in what follows.
Agent i uses the |ake whenever it is advantageous to do so:
m, Iflr + u(i) =v(r) 2 m
or

u(i) « v(r) > If/lr (2)

Individual rationality constraint (2) states that agent i uses the lake if the

benefit from doing so is no less than the expected cost of being caught.



Since the governnent incurs the total cost Ic from restricting entry,

its problemis as follows:

Maxi mi ze for u(i)di - rv(r) - Ic (P2)
{r, £. I}
subj ect to: u(r) - v(r) = If/r,

Tt can he wverified that this problem is equivalent to the follow ng problem

Maxi mi ze jor u(i)di - rv(r) =« rc(u(r) =« v(r))/f (P2")
{r, £}

subject to: r >0, f >0.

Note that the objective function in (P2') inproves as f gets larger. Strictly
speaking, there is no maximumto this problem |oosely speaking, the best
thing to do 1s to make fines greater and greater and nunber of inspections
more and nore rare, all the time balancing inspections and fines so as to
encourage exactly the first best number of participants, which is determ ned
by equation (1).

Next  consi der the arrangenent where the inspector is neither
necessarily honest nor necessarily diligent. This is a case where the
inspector's effort and honesty are not observable by the government. Because
of this noral hazard problem the inspector has an incentive to pocket sone of
the fines he collects when the fine for wusage is sufficiently high and has an

incentive to shirk when the fine is sufficiently Iow

10



To begin with we will consider a case where the governnent has no way
at all or nonitoring the inspector's behavior. The instruments at its
di sposal are sinply: 1) the legal fine it establishes and 2) any paynent to
or from the inspector (since the government cannot nonitor the inspector's
behavi or, such payments are perforce |unp sum.

For concreteness, suppose the inspection technology works as follows:
the inspector takes a picture of the individual he has caught. Such a picture
is irrefutable evidence of the individual's action; if the inspector sends the
picture to the government, the government will force the individual to pay the
fine £. On the other hand, the inspector can bargain with the individual to

hand over the evidence in return for a bribe. The outcome of such bargaining

will depend on the abilities of the tw individuals bargaining. To keep
things sinple in this paper, we assume that in the bargain, it is the
inspector who extracts the conplete surplus -- in other words, the individual

pays him the wvalue of the fine in exchange for the evidence Tnshort, the
inspector's balance is as follows: if the fine is lower than the cost of
inspection, the inspector shirks and no one is caught. If the fine is greater
than the cost of inspection, the inspector has an incentive to catch everybody
and obtain a bribe of f from each.

The governnent, knowing of the inspector's incentives to either take
bribes or shirk, knows that the effect of establishing a fine is really to
establish the anmount of bribe the inspector can collect. In this scenario,
the governnent sets the fine for wusage, the inspector chooses the number of
inspections to be made and the number of wusers is deternmned endogenously

given these paraneters.

Since Ic is the social cost from inspection, the government's goal is

11



Maxi i ze for u(i)di - rv(r) - lc (P3)
(r, £, T)

subj ect to: u(r) - v(r) = Iflr,

1 €[0,r]

11
—

f >c implies |

1
o

f <c inplies |

f >0

In principle, we would also need to consider the inspector's wllingness to
participate in the scheme; however, the governnent can always use lunp sum
transfers to the inspector to ensure the inspector's participation.

Thus, there are three cases to be examned: (i) ¢ > f; (ii) ¢ < f; (iii)

e = f.

Case (i). This case is trivial since ¢ > f inplies that I = 0. Then, r = ¢

(free entry).

Case (ii). Wenc < f, | =r. Then, the governnent's problem is:
Maxi mi ze fOL' u(i)di « rv(r) -rc (P3.1)
{r, 1)

subject to: u(r) - v(r) =f,

r 2 0.

This is solved by choosing r** to satisfy:

12



u(r**) . v(r¥x) . r**vr(r**) - ¢c = 0
or

u(r**) . v(r¥*) = ¢ + r*frvr(r**) (3)

and then setting f£¥* = u(r*%) . v(r¥%).

Case  (iii). Wen ¢ = f, | & [0,r]. Then, the problem is for the governnent

to choose both r and I:

Maxi ni ze for w(i)di « rv(r) - lc (P3.2)
{r, I}

subject to: u(xr) - v(r) = Ic/r,

r>I>0.

Thus, the problem may Le simplified tu:

Maxi m ze for u(i)di - ru(r)
{r}

subj ect to: c >u(r)-v(r) > 0.
This quantity is maximzed by increasing r as nuch as possible -- this neans

the solution occurs when wu(r) = v(r); i.e., r = - This means | = 0 and case

(iii) reduces to free entry.

13



DI SCUSSI ON

In short, either there is free entry (the governnent sets the fine |ow
enough so that no inspection takes place), or the government sets the fine
high enough that the following occurs: the inspector collects the fine from
everybody who uses the public good. The fine is set in a second best fashion:
it equates the sum of marginal inspection cost and marginal social cost of
crowding. The optimal number of participants is given by equation (3), which
states that the marginal user's benefits nust be equal to the optimal fine.
If we dislike having the inspector get away with the fines we can sinply
charge him a lunp sum tax equal to the difference hetween the fines ecnl lTected
and the costs of collecting them

Note that the outcome where exclusion occurs is second best since we
must take into account the social cost of inspection. In other words,
compared to the situation of costly but honest and diligent enforcenment, the
out come which arises with exclusion subject to incentives for corruption
consists of a smaller number of participants and a greater expected fine for
usage.

Wen is this outconme socially desirable? The arrangenent with
exclusion and overenforcement is socially desirable if and only if it leads to
a greater social welfare than the social welfare obtained with free entry.
Formally, the condition is:

r

r** ¢ < rov(ro) - TRk y(rEk) - fr*‘k ° u@i)di (4)
that is, the social cost from overenforcenent (left side of (4)) nust be
smaller than the net social gains of exclusion (right side of (4)), which are
given by the total benefits from reduction of crowding net of total benefits

foregone with exclusion.

14



THE EFFECLS OF A QUULA SYSTEM ON | NSPECTI ONS

Now supposc the government can mandate users who are caught by the
inspector to appear in court. The inspector is paid the fine if and only if
the individual brought to court is convicted. Gven the irrefutable evidence
(i.e., a photograph) users who are taken to court are surely convicted. G ven
also that no individual who is taken to court is convicted wthout -evidence,
nonusers are not penalized (i.e., there is no Type | Error). Thus, the
government knows the total usage of the |ake whenever the inspector catches
al | users. I's there any way for the governnent to inprove upon the allocation
where the inspector catches all wusers if the government knows the extent of
i nspections? Can the government reduce the number of inspections and still
maintain the incentive conmpatibility of the arrangenment? Is there a policy
rule which leads to first best usage while reducing sinultaneously fines and
the number of inspections?

Let us examne the effects of a policy rule which ains to reduce the
incentives to the inspector. Suppose now the inspector's (formerly lunp sum

rei mbursenent depends on the nunber of offenders who are prosecuted.

Specifically, 1let the reinbursement be Rif Q individuals come before the
court and - « otherwise. 4 Thus, the inspector always chooses | > Q for any r
e[0.P 1. The government's problemis then to find I, Q r and f to:

15



Maxi ni ze for u(i)di « rv(r) - lc (P4)

subject to:  wu(r) - v(r) = If/r,
I €[Q, r]

f >cinplies |

1
—

f <cinplies |

1"
O

f

v

0,Q20.

In this problem we can show that the addition of a quota to the
available instrunents yields no increase in social welfare. To see this, we
will consider each case in turn. If f < ¢, then either | = 0 (free entry) or
social welfare is inproved by increasing f (and decreasing | correspondingly)
until f =c. If f = ¢ then we can, without loss of generality, set Q = I, but
then the problem reduces to the corresponding case of (P3.2) and free entry is
again optiml. Finally, if f > c, then | = r and the level of Qs
irrelevant. Again, the solution is identical to the corresponding solution of
(P3.1).

In sum Q is ineffectual. If fines are high (i.e., f > c¢), the
government cannot achieve the results with a rule whereby not everybody is to
be fined since users becone prey to the inspector. So fines cannot be pushed
above ¢ unless Q is set equal to r and the inspector has to fine everybody.
If we do that, however, we can achieve the second best in a way that neans no
bribes are actually collected: we sinply set the quota, Q equal to r and pay
the inspector cr. Note that even though no bribes are paid the threat of
bribery forces an inefficiency on the econony, and the net result is identical

to that described in the previous section.

16



PRI VATE ENFCRCEMENT CF EXCLUSION BY A MONCPCLI ST

For conparison, consider a case where the rights to exclude people from
1sage are sold to a Mmonopolist. Suppose the only control the government
exerts over the inspector is in setting the price for exclusion rights.

The (unregul ated) inspector chooses r, f and | to:

Maximze r(f-c) (P5)
subject to: u(r) - v(r) = If/r,
I € [0,r]

1
—

f >cinplies |

1
o

f <cinplies |

f >0

Note that since the objective function increases with f, the inspector chooses
f >c and thus I =r. Therefore, the inspector's problem becomes one of

choosing r and f to maximze the follow ng Lagrangian:

L = r(f-c) + xfu(r) - v(r) ~ f].

The following first order conditions determne ro and fm, the solution to

(P5):

u(r )« V() = £, (5)

fm =c + rmvr(rm). (6)

Condition (5) shows that - is the level of usage which equates the narginal

17



user's benefits to fm the price charged for usage. Condition (6) states that
the price nust be equal to the marginal social cost of usage, which in turn is
equal to the sum of marginal inspection cost and marginal social cost of
crowdi ng. It follows that the nmonopolist's arrangement is the same as the
government's arrangenent where exclusion is desirable. (Conpare conditions
(5) and (6) with (3) and £#**, Indeed, if the governnment dislikes the
inspector to mmke profits, it can set the price for the exclusion rights equal
to rm(fm - C).

The equivalence between the nonopolist's arrangement and the second
hest arrangement results from the fact that individuals agree on the costs of

crowdi ng. We conjecture that if individuals disagreed on these costs, the
nmonopolist would charge a greater price and thus would attract fewer users

than would be efficient.

CONCLUSI ON

In a world of costly deterrence but no corruption a clever use of fines
will solve the problems of optiml exclusion. In the presence of corruptible
enforcers, however, fines cannot be set sufficiently high to mke random zed
enforcenent possible. In these cases the optinal arrangement is either to
abandon enforcement entirely or to set the fine equal to the sum of marginal
cost of inspection and narginal social cost of crowding and have all
participants pay the fine. In effect this is equivalent to private
enforcenent of exclusion by a nonopolist when individuals agree on the cost or

crowdi ng.
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ADDENDUM: LI CENSE FEES AND  HETEROGENEQUS USERS

In the nodel of the paper, it is assuned that, although fines can be
levied, the government does not directly tax the use of the |ake, through
license fees, or the like. This section examnes the effect of including a
license fee in the governnent's arsenal of regulatory tools. W find that if
the model is unnodified but a license fee is allowed, the government can again
approxi mate the first best outconme by letting the fine go towards infinity,
even if the nonitors are not honest and diligent. However if we add
nuffici ent heterogeneity of consumers into the nobdel the results hold as
before: infinite fines inposed with near zero probability achieve first best
if the nonitor is honest and diligent, but fines nmust be set at a lower |[evel
to deter overenforcement in a second best nmanner if nonitors are not honest
and diligent.

Specifically we introduce heterogeneity in two dinmensions: ease of
inspection and size of externality inposed. Assune potential wusers of the
| ake are of one of two types: hi gh- powered boaters and |ow powered boaters.
Boaters of each type inpose externalities on all users of the |ake. Suppose
t hat rh hi gh- powered boaters and r1 | ow- powered boaters are using the |ake.
Then the utility to individual ih anong the  high-powered boaters  of using the

| ake is
Bt e b
and the utility to individual il is

wal - e L oete®
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In other words, uJ(i) is the idiosyncratic utility of the ith person of type j
using the Iake, vJ is the disutility inmposed on type j users by type | users
and wJ is the disutility inposed on type j users by the other type.

The first best allocation in this world maximzes
LN o1 h, h h. . h, 1 1,1,1 1, h
JP W@y di o+ [ 5 u(i)di - r(v(@x)+w()) () +w(r))
0

The first order conditions for this maximzation are

h h 1

uh(rh) . vh(rh) . Wh(rl) r v r(rh) +r er(rh)

1.1 h _h

ul(rl) - vh(rh) . vl(rl) ro v r(1'1) +r W r(rl)

. . . . h¥* 1*
where in each case, the right side equals the social cost. Let r = and r

represent solution to these equations; for sinplicity assume the solution is
unique and optinum is interior. If the two types could be distinguished and
different fees inposed on each and enforcement were perfect and costless, then
the first best could be achieved by setting their license fees equal to the
right sides of the respective equations.

Wet her an individual who uses the lake chooses to pay the license fee or
risks being caught without a license depends on the relative costs of the two
and the probability of being caught. Suppose the license fee is t, the
probability of detection is p, and the fine if detected is f. Then an

individual will choose to risk a fine rather than buy a license if

t >pf

23



and individual wth characteristics (i,j) will find it desirable to use the

| ake if

i (i) - Wy - weedy > nin () pf)

(where here and in what follows -j = h if | 1 and vice versa)

Let the cost of inspection be ¢d for a boat owner of type j. Then the

government objective is to maximze

h
75 Baydio+ Ll
0 0
. rh(vh(rh> + Wh(rl)) . rl(vl(rl) N WJ.(rh))_ Ihch . Ilcl
where Ij is the number of inspections nade of boaters of type j. Let & be
the fraction number of boaters of type j who chose not to pay the license fee,
and let rJ be the mar gi nal user of type j. In principal, it mght be
advant ageous to have separate license fees and penalties for each type of
boater, but we wll show that the first best can in fact be achieved with a
single license fee t and a single fine f for all boaters. The governnent's
objective is to maximze the above expression by choosing
(£,t, (e, 1)

j=h,1}

subject to the following conditions:

Wy - H) W@y = nin o, frjrr)
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h
v
o

1>el >0

v

Ift > ij/rjthen ej =1

It t < £19/0) then o = 0

The first condition describes the user's incentive to use the lake or not; the

last two conditions describe the user's incentive to pay for the license or

not . Let us assume that
% : 1 * * 1 1* h* h 1
rh vhr(rh ) oL wlr(rh ) < rl v r(r ) + o W r(r )

In other words, in the first best arrangement, a |ow power boater inposes a

greater negative externality than a high-power boater.

Resul t: The following arrangement achieves an outcome arbitrarily close to

the first best as f approaches infinity:

h h*

v =r

1 1*

r =r

L 1 1k, h¥ ho 1%

t=r vr(r )T r )

Il = trlx/f

e1=0

o ovh ke T 1 b b
r Y

eh=1
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In other words, in this arrangenent, there is in general a higher probability
of catching |owpowered boaters than of catching high powered boaters.
Because of this difference, |owpowered boaters prefer to pay the license fee;
hi gh-powered boaters prefer to free ride. Each however, pays the correct fee
in expectation to ensure that the nunber of each type confornms to the
first-best. As the penalty approaches infinity, the frequency of inspection

necessary to achieve the first best approaches zero.

The _Maxinization Problem when the Tnsnectar is Neither Honest Nor Diligent

The requirenent that taxes and fines be the same for all types of boaters
becomes necessary if inspection is delegated to the inspector and the
i nspector has superior information to the court. In other words, assune that
when people come in to purchase l|icenses the governnent cannot neke an
exogenous distinction between high-powered boaters and |ow powered boaters.
Furthernmore, assune that the photograph submtted as evidence of usage of the
| ake cannot distinguish between high-powered and |ow powered boats. Then the
fine for not having a license must be identical for the two types of boaters;
and thercforc the pricc of the licensec nMust bc the same as well.

In this environment, taking (f,eh,eI ,rh ,1") as exogenous, the inspector

chooses (Ih‘ Il} in [O,rh]x[o,rl] so as to maxinize

Ih(ehf . ch) + Il(elf - cl)

Therefore, the inspectors incentives translate into the follow ng

additional constraints on the government's maximzation problem



| f le>cj t hen IJ = rJ

1f edf<ed then 13 = 0

The crucial assunption we make is that there is negative correlation
between the cost of inspection and the external damage inposed. For the
exanple we are exanining, this neans that the cost of inspection is higher for
hi gh- powered boats.

The renminder of this note analyzes the problem in the case where c1 = 0,

and ch > 0. In this case it can be denmobnstrated that there is no l|oss of

generality in assuming that f >t in the optinmm and el = 0 and Il = rl. This
is not surprising: when one type of inspection is costless, the inspector is
willing to make those inspections and as a result, all users of that type pay
for the license with certainty. Furthermore, it can be shown that as long as

ch > 0, the inequality

t < £19 /rd
is inconsistent with the other conditions on the problem (Ful'l  compliance
requires positive probability of inspection, which is inconsistent with full
conpliance if inspection is expensive.) Therefore we may rewite the

maxi m zation problem in the following sinplified form

(Problem Al): Choose {f,t,rl ,rh,eh,lh } to maxinize

h
FT Py dio+ A
0 0
CPERE Pty - etah - wteyy s e L el
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subject to

ul(rl) . vl(rl) . wl(rh)

|
—

O W LT P R L 1 /e

t > fIh/rh, eh < 1 with conplenentary slackness

h h

1
—

| f ehf > ch then |

1
o

| f ehf < ch then Ih

We divide the prohlem into suhcases:

Case 1: Ih 0

In this case there is free entry for h.igh-power types (in this case
w.0.l,0.g. we can set f =1t, and eh = 1). The optinum anmong the high-power

free entry solutions can be found as follows:

1 1 .o
(Problem A2): Choose rl, r~ to nmaximze

h 1
JE fayd o+ fF o)
0 0
CBRED s el - et - wta™)
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]
o

subject to uh(rh) - vh(rh) . wh(rl)

ity - V@) - e

IN
¢}

Roughly speaking, in this class of candidate solutions the optimm will
i nvol ve increasing the level of |ow powered users beyond the first best |evel,
to offset the extreme overuse of the lake by high-powered free entry users.

Thus there will In general be overuse by both classes of users.

IBSE 1 10

In this case the last of the conditions of the problem (A) can be dropped and
the second to last can be rewitten

hh .
eb‘f >c, 1 < rh with conplenentary slackness

Further sinplification can be achieved by elimnating eh (which does not
appear in the objective). The constraints of the problem in this case are

. - . h
equivalent Lo the following constraluls on Lhe parameters other than e’

ul(rl) - Vl(rl) - wl(rh) =t

uh(rh) - vh(rh) . wh(rl) = fIh/rh

h

f < trh/Ih, f > ¢ wth conplenentary slackness

Thus t(he solutlon splits into two subcases:
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Subcase 1: f = ch:

In this case the nonitor is indifferent between nonitoring and not monitoring
the high-powered boaters. The constraints on the renmaining paraneters reduce
to the followng:

h

Mrulah - viah wa® 2

2
uh(rh) . Vh(rh) . wh(rl) = chIh/rh

Note that the solution to this problem cannot be first best in general, since
the bound on f neans that if Ih approaches zero, the solution approaches free

entry for high-powered types.

h, h
Subcase 2: f = tr /I
In this case the effective deterrence is the same for both high-power and

| ow power types. The constraints can be rewitten as follows:

wreehy - ovreh awt ) =t

uh(rh) - vh(rh) - wh(rl) =t

fIh = trh

£

v
ct
\Y
o

f

v
¢}

Since we have therefore abandoned the use of fines and taxes to differentiate

among types of users, there is leeway to reduce the cost of the arrangenent by
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letting f approach infinity while |h approaches zero, but holding their
product equal to trh. Such an increase in f violates no constraints. In
short the optimal arrangement of this form is arbitrarily close to the optimal
arrangenent with zero cost of enforcement but subject to the constraint that
the tax inposed on each type be identical.

For exanple, if the two types were such that in the first best
allocation, the taxes inposed on each type were identical, then this first
best allocation could be achieved arbitrarily closely by letting fines
approach infinity in the nanner described here. In particular, if the two
types are indistinguishable (that is, if we collapse the nodel to the single
type nmodel of the rest of the paper) then the use of fines and taxes together
will be able to achieve the first bestby having the tines increase towards
infinity. However, if there is a sufficiently large welfare |oss associated
with not discrimnating between the two types in their effective tax rates
i mposed on them then the second best allocation will not be of this form but
of one of the other two subcases described before, and the optimum wll not

involve infinite punishnents.

Calculation of an Exanple

Then in the first best

]
>

Consi der the case where wh(.) = wl(.)

%
calculations rJ is defined as follows for j =h L

uj (rj*) - vj(rj*) = rj* vjr(rj*)

so that the first order conditions for cach type arc idcnticnl to the first
order condition for (Pl1) in the sinplified nodel of the main text. Assune

h , h* 1, 1% h
vr(r )<Vr(r )y < ¢
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Free entry conditions are also identical to those of the sinpler nodel of
the main text:
uJ(rJ

The first best can be achieved with costly enforcement if the inspector is

honest and diligent. If he is not, then we can consider the three sub cases

of the solution to problem (Al) of this appendix:

In other words, the |owpowered types receive the first-best allocation; the
hi gh-powered types receive the free-entry allocation. (If we were instead to

assgume that vlr(r1 )y > ch, then the optimum for this case would satisfy:

vlr(rl) = ch.)

Case 11.1: In this case the search for the optiml value of rh is identical
to the calculation of case iii in problem (P3) of the nmain text: the optinal

| evel of |h - rh so that the conplete solution can be no better than the

0
solution in case I: free-entry for the high-powered types and first-best for

the low powered types.

Case 11.2: In this case the (conmpbn) expected tax on the two types lies
between the first best tax on the |owpowered type and the (lower) first best

tax on the high-powered type. Thus relative to first best, there will be too

many |ow powered types using the lake and too few high-powered types. As we
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make the social cost of increasing the nunber of |ow powered types
sufficiently large (for exanmple, as we nake |ow powered types a greater
portion of the total population) we will find that the optimum tax in this sub
case approaches the first best tax for |owpowered types. As this happens the

optimum in this sub case is eventually dom nated by the optinum of case I.

In summary in this exanple, as long as there is sufficient social cost to
imposing the sane effective tax on both types of individuals, the social
optimum involves inposing the first best level of tax on |ow powered types and
letting the high-powered types enter freely, wthout paying the tax. To
ensure this will hold, it is necessary to make the fine f no nore than ¢ h S0
that the inspectors will have no incentive to attenpt to catch high-powered
violators.

Thus, for high powered types the main outcones of the text are
parall g1 to the outcomes of the examplein this appendix:either there is free
entry of high powered types or there is too nuch restriction of the

hi gh-powered types relative to first best.
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FOOTNOTES

:Becker and Stigler analyze two ways to circunvent this puzzle. First,
i nstead of paying t(he enforcer the exlra cowpensation, the state can demand
that a prospective enforcer pay an "entrance fee" or bonus equivalent to this
extra conpensation in order to be awarded the job. The state then pays the
enforcer his opportunity wage plus interest on the bond as long as he is
enployed and it returns the bond when he retires. |f the enforcer mshehaves

and is caught, he 1s fired and forfeits the bond. One problem with this is

that for large entrance fees there wll be incentives for the state to fire
enforcers without cause so as to keep the fees. If the enforcer's contract is
contingent on this possibility his salary will have to increase even further.

Anot her problem with the proposal is that for large entrance fees enforcers,
even when guilty of corruption, have incentives to appeal the state's decision
or demand conpulsory hearings on dismissal in order to retain their bonds.
The second way is sinply to pernmit corruption. As enforcers anticipate
corrupt opportunities, they might be wlling to accept enforcement jobs that
pay |less than the opportunity wages. The shortcomng of this proposal,
however, is that the social costs of corruption (e.g. enforcer's effort or
time to conceal evidence of corruption, the harm to others, etc.) are usually

greater than the benefits it brings to corrupted enforcers.

2 . . . . . .
There mght still be some incentives for enforcers in enforcenent firns to

accept or demand bribes from violators if rewards are divided anobng enforcers

or if the enforcers doing the field work are not the owners of the firm
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3Landes and Posner (1975) investigated the extent to which private enforcenent

is efficient. They exam ned the efficiency of enforcenent conducted by
competitive firms as well as by a nonopoly. In their nodel enforcenent firns
benefit from their effort by keeping toe proceeds from convictions. They
Lound that a1 though a wmonopoly does Letter than competitive firms,

privatization of enforcenent |eads to nore enforcenent than is socially
desi rabl e. The problem is that once fines become rewards, whenever the state
sets sufficiently large fines in order to deter violations, it stimulates too
much enforcement activity. By the sanme token, whenever the state sets

sufficiently low fines, too little private enforcenment results.

4The results would be the sane if the governnent adopts the followng set of
i ncentives:
f>c¢ fuorr<Q

f=0forr >Q
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